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Study on overlying strata superimposition movement law and failure range of
close-distance multiple coal seam mining
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Abstract: Coal seams 7, 8, 9 in Feicheng Baizhuang Coal Mine, characterized by small spacing, belong to a typical
close-distance coal seam group. Due to repeated extraction, the overlying strata movement exhibits the
characteristics of superimposition and disturbance during the mining process. This study systematically investigates
the superimposed movement patterns of overlying strata structures, the developmental characteristics of
superimposed fracture zones, and their comprehensive morphology in close-distance multiple coal seam mining
through theoretical analysis and numerical simulation. The findings are validated by field measurements. The
results indicate that after downward mining of close-distance coal seams, the overlying strata structure evolves from
a “low-position voussoir beam structure”, through a “combined low-position voussoir beam structure plus high-
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position voussoir beam structure” and a “combined low-position cantilever beam structure plus high-position
voussoir beam structure”, to a “low-position cantilever beam plus high-position voussoir beam structure”. In the
process of close-distance coal seam mining, the evolution of load-bearing structures in the overlying strata reveals
that the height of the water-conducting fracture zone (WCFZ) in the first seam increases significantly after the
second seam extraction, whereas it shows negligible variations after the third seam extraction.

Key words: close-distance coal seam mining; overlying strata superimposition movement; numerical simulation;

field measurement; water-conducting fracture zone (WCFZ)
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Fig. 2 Working face mining engineering plan of mining area
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Table 1 Physical and mechanical property parameters of coal and rock mass

Fagia L 8 B / MPa R/ (kg/m*) P EE £ / () % 1/ MPa PP i /GPa T H
eI E 20. 1 2 100 36 6.3 2.24 0.19
b 49. 4 2 400 32 7.5 5.40 0. 44

i 13.7 1300 30 1.2 1. 44 0.13
Ve I 4 RD 24.3 2 209 35 4.5 3.10 0.27

R 42.6 2 600 41 9.3 4.50 0.32
Wb 56. 1 2 550 42 8.6 6.23 0.45
b 47.9 2 500 32 7.2 5.52 0.47
Hta 8.5 1950 31 4.0 1.11 0.09
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Fig. 5 Cloud chart of vertical displacement changes in downward mining coal seams 7, 8
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Fig. 6 Cloud chart of vertical displacement changes in downward mining coal seams 7, 8, 9
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Fig. 7 The first stage of the whole overlying strata breaking structure
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Fig. 8 The second stage of the whole overlying strata breaking structure

®2 RATREXIESH
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Fig. 9 Variations of fracture zone in separate mining coal seam 7
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Fig. 10 Variations of fracture zone in separate mining coal seam 8

S ) e e G
Joint Plane Open _T T JointPlaneOpen LT T T T T T T TTTT] LTI T

Not Open Not Open R R BB e
Open Open

(b) #EHEEE 100 m

< Joint Plane Open
Not Open
Open

() HEHFEE 160 m (d) #EHEIEES200 m
B11 BEMARIBEERMETTHE

Fig. 11 Variations of fracture zone in separate mining coal seam 9



2 Fu AR A T B 2 R TT SR A B iz 2 ML 5 A FRATT 5 ¢ 37 -

3.2 BEBESHEERBREFENMRAERIESEELERS

TEAMEFEH R AT 4791 2R RISEIT R 7 M2 H 0Tk 8 BE= . Wnl&l 12 o, 8 M= TAR T #fE R w0 48] . 8 1
JZE BT O 5E 42 5 i WA L B v T U0 B e vh o Hh B S B SR A R RS R R R B 0 . L
Wi 57 41 R B ) I R T R 2R B 9 L BB R I SRR IX T BLER B 1) SRR R R L B R e
297 20. 4 m, RS 7 BRI R Z B 8 MR MR L7 MR R BT & R TR 26. 3 m, H 7 R T AR
K BB A A B S . B TR M UE S 100 m, B2 78 45 45 V4 70 [ 4 W7 8 K, 0 A 45 9% 70 [ R ik
Ko 8 BEJZ 105 WO B J2 RIS ATH Oy b 45D B 28 & LR R R UL 70 2 SC B8 = 1 07 Hh B J2= 2B 5 9 B e
TR U6 B I 58 AR AT IRAFAE— M /N R B LR R — 2 A J S IMEREAF R EC LS 7 R
B B3 L e 7 2 A e 1 A JFYIAR & 100 moAb, BB RTE AL PR AR R R A U R
LA E M B RBRIFRZ B0, 7 BER BT m R FFAE 26. 3 m ANTA] 12Ca) 24 T A 1 4 ik 2=
160 m .8 BEZ MR B AR L 5 7 SR RO SRS, 2B w5 B2 31. 6 m, UL 8 2 2R B
BRI oA RS MR A BT A AR, T R R R R BRI RS YR A G
FEI TP AR A A DX T = A A, AR 12(b) . M AR T AR S HE 200 m B, 8 HEJE AR 4k
SR FF A AR A L 8 MUZ BT BT AR e A B A XL BT 7 MR R A B R R K
e R — T RN T 2.4 m, B 28.7 m, BUIE 7 BERT S 2B v AR BAN AT 12 Co) B R B F- 47 I
I R TR B AT 5 DX, 3 ] RE SR ol T Bl O SR A9 4 R L BTSN o A e AR AR AR, S BOR BRI & X B IR IR

- [ 11 LL T LI L sointPlancopen | | | [T TTT] [ Joint PlaneOpen | | [ T [ T [ [ [ 11 [ ]
N | NotOpen | I ] [ [ [ T I I [

7 Joint Plane Open A
1™ votopn [ T 11 [ 11

T T T 171~ N open T 1 T T T I I g

Ll Ll TIREAHB X

T A

I
o I o o B 0
JR s 58 1 e T S R i s o e i -
. T = i =4 LT RSt
I

(a) #E2R 100 m (b) #ER160 m (c) #%200 m

B12 TIAARTSEEEENBTUZE

Fig. 12 Cloud chart of vertical displacement changes in downward mining coal seams 7, 8
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Fig. 13 Cloud chart of vertical displacement changes in downward mining coal seams 7, 8 ,9
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Table 3 Comparative analysis of fracture zone height and fracture-mining ratio

7.8 BEE B INIFRIE 7.8.9 BRI R
e ZABRA R /m LR L ZLBRAT I/ m LR
7R 28.7 20.5 28.7 20.5
8 M= >27.8 >13.9 >27.8 >13.9
9 BZ - — >28.7 >19.8
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Table 4 Borehole design parameters

L5 s/ T/ () N B L 4% / mm L% /m L /m
17 40 137 92 60 38.6
27 45 137 92 60 42. 4
37 68 137 92 90 83.4
47 75 137 92 90 86.9
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Fig. 14 Plane schematic diagram of drilling layout in each working face
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Fig. 15 Sectional schematic diagram of drilling layout section in each working face
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Fig. 16 Schematic diagram of drilling detection results in 9701 working face
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Fig. 17 Schematic diagram of drilling detection results in 9901 working face
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Table 5 Summary of measured and numerical simulation results

HifL A LM/ m BAE A/ m HhifL A5/ m AR/ m
17 23.0 37 63.8
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